In anatomical single-bundle (SB) anterior cruciate ligament (ACL) reconstruction, the traditional transtibial approach can limit anatomical placement of the femoral tunnel. Surgical Technique: We present a novel three-point freehand technique that allows for anatomic SB ACL reconstruction with the transtibial technique. Materials and Methods: Between January 2012 and December 2012, 55 ACL reconstructions were performed using the three-point freehand technique. All the patients were followed for a minimum of 12 months post-operatively. Clinical evaluation was done using the Lysholm score and International Knee Documentation Committee (IKDC) grade. All patients were analyzed by 3-dimensional computed tomography (3D CT) at 1 week after surgery. Results: The mean Lysholm score improved from 68.2±12.7 points preoperatively to 89.2±8.2 points at final follow-up. At final follow-up, the IKDC grade was normal in 42 patients and nearly normal in 13 patients. None of the patients had a positive pivot shift test, anterior drawer test and Lachman test at final follow-up. The anatomical position of the femoral tunnel was confirmed on 3D CT scans.
Introduction
Various techniques for anterior cruciate ligament (ACL) reconstruction have been recently introduced. There are approaches to femoral tunnel placement in arthroscopic ACL reconstruction: the tibial tunnel-dependent approach (transtibial technique) and the tibial tunnel-independent approach (anteromedial [AM] and outside-in techniques). Femoral tunnel placement using the transtibial technique is a common and relatively easy procedure in single-bundle (SB) ACL reconstruction. However, recent reports and emphasis on anatomic tunnel placement have generated the need to reconsider the application of the transtibial approach. Some authors reported that the femoral tunnels created using the transtibial approach are non-anatomic [1] [2] [3] . So, there have been some efforts to modify the transtibial technique by positioning the starting point of the tibial tunnel more medial and proximal for a more oblique trajectory of the femoral tunnel 2) . However, this has led to other problems such as a shorter tibial tunnel and widening of the intra-articular aperture of the tibial tunnel 3.4) . Therefore, a transition to creation of a femoral tunnel independent of the tibial tunnel is recommended to achieve anatomic femoral tunnel placement 5) . Techniques for creating anatomical femoral footprint in SB reconstruction have been reported, such as the trans-AM portal technique 6, 7) and the outside-in technique 8) . However, disadvantages such as insufficient femoral tunnel length, posterior wall breakage and a bent graft would limit 9) . Similarly, acute femoral tunnel angle, inadequate femoral fixation and additional lateral skin incisions upon surgery are major hindrances for the use of the outside-in technique 10) . To overcome the problems of the above-described modified transtibial technique and tibial tunnel independent technique, we devised a three-point freehand transtibial technique. We designed the three-point freehand trantibial technique for the purpose of anatomic femoral tunnel placement and evaluated the tunnel position with 3-dimensional computed tomography (3D CT) to determine clinical significance.
Surgical Technique
A standard anterolateral (AL) portal is placed for diagnostic arthroscopy and an AM portal as a working portal. Following an arthroscopic examination of the knee joint, the autohamstring tendons (both semitendinosus and gracilis tendons) are harvested using a closed-end graft harvester through an oblique skin incision along the distal insertion of the tendons on the proximal tibia and prepared as a 4-strand double loop graft. Femoral notchplasty is performed when the presence of notch osteophytes and/or impingement of the graft against the notch are expected. For tibial tunnel placement, a tibial drill guide (ConMed Linvatec, Largo, FL, USA) is set at 45 o from the starting point at the midway between the posterior cortex of the proximal tibia and the medial margin of the tibial tuberosity that is just anterior to the superficial medial collateral ligament. Under direct arthroscopic visualization, the center of the tibial footprint is marked with a 45 o microfracture instrument (ConMed Linvatec) and the tip of the tibial drill guide is positioned at the center of the tibial footprint. The guide pin is inserted through the tibial drill guide and the tibial tunnel is created using a cannulated reamer with the same diameter of the graft. After reaming of the tibial tunnel, the femoral tunnel is prepared by the three-point freehand technique. First, the 7 mm femoral offset aimer (ConMed Linvatec) is introduced through the tibial tunnel for preparation of the reference point. The femoral offset aimer is placed at around the 10:30 clock position (right knee)/1:30 clock position (left knee) of the over-the-top area of the lateral intercondylar notch and rotated laterally 11) . The guide pin is inserted through the offset aimer to mark the reference point which is more proximal 12) than the center of the femoral footprint due to offset hook (Figs. 1A and 2A). After creating the reference point, the guide pin is removed. Second, the center of the femoral footprint is marked with a femoral offset aimer that is introduced through the AM portal with the knee positioned at 90 o of flexion. Under direct arthroscopic visualization, the center of the femoral footprint is located more posterior and distal 12) to the reference point created by the femoral offset aimer (Figs. 1B and 2B). After marking the center of femoral footprint, the guide pin is withdrawn from the joint. Finally, the cannulated femoral guide pin is introduced through the tibial tunnel by the freehand technique without a femoral offset aimer and positioned at the previously marked center of the footprint (Figs. 1C and 2C ). The guide pin is drilled through the femur and passed out of the lateral cortex of the femur. The reamer is advanced through the tibial tunnel and the femoral tunnel is created with the knee positioned at 70 o flexion. The 4-strand double looped autohamstring tendon graft is pulled through the tibial tunnel to the femoral tunnel. The graft is secured on the femoral side by use of the RigidFix system (DePuy Mitek Inc., Raynham, MA, USA). At the tibial tunnel, the graft is fixed with the IntraFix biodegradable screw (DePuy Mitek Inc.) device with the knee in 10 o flexion and supplemented by a screw and a spike washer.
After fixation of the graft, the arthroscope is reintroduced to confirm tension and to rule out impingement of the graft. 
Materials and Methods
Between January 2012 and December 2012, 55 ACL reconstructions were performed using the three-point freehand technique. All the patients were followed for a minimum of 12 months postoperatively. The patients' average age was 35.6 years (range, 19 to 46 years). The mean follow-up period was 14 months (range, 12 to 23 months) ( Table 1) . Evaluation of clinical results was done using the Lysholm score and objective International Knee Documentation Committee (IKDC) grade. All patients underwent 3D CT scanning (Aquilion One; Toshiba Medical Systems Cor., Otawara, Japan) at 1 week after surgery. The created 3D CT images were aligned with the femoral tunnels to perform analysis according to the quadrant method suggested by Bernard et al. 13) using PACS View (PACS; Marotech Inc., Seoul, Korea) (Fig. 3) .
Results

Clinical Assessment
All the patients showed good or excellent clinical outcomes in the Lysholm score with a median score of 89.2 at final follow-up. The IKDC grade at final follow-up was normal in 42 patients and nearly normal in 13 patients. None of the patients had a positive pivot shift test, anterior drawer test and Lachman test at final follow-up. The mean side-to-side difference in anterior translation on the Telos stress radiography was 7.1±1.7 mm preoperatively and 1.7±1.2 mm postoperatively ( Table 2) .
Three-Dimensional Computed Tomography Analysis
The mean distance from the femoral tunnel center parallel to the Blumensaat's line was 32.5%±1.7% along line t measured from the posterior condylar surface. The mean distance perpendicular to the Blumensaat's line was 36.7%±2.1% along line h measured from the Blumensaat's line (Table 3) .
Discussion
The finding of this study is that the three-point freehand transtibial technique results in a femoral tunnel positioned more posterior and distal to the reference point used in the traditional tanstibial technique. The tunnel position was confirmed by 3D CT scan at the anatomic footprint 12) , resulting in good clinical outcome with no instability. The quadrant method is one of the most commonly used techniques for assessing the femoral tunnel position in ACL reconstruction. Using this method in doublebundle ACL reconstruction, Colombet et al. 14) reported that the mean distance from proximal condylar surface (line t, parallel to Blumensaat's line) was 26.4% of AM bundle and 32.3% of posterolateral (PL) bundle (center, 29.35%), and the mean distance from the notch roof (line h, perpendicular to Blumensaat's line) was 25.3% of AM and 47.6% of PL (center, 36.45%). Zantop et al. 15) , Forsythe et al. 16) , and Tsuda et al. 17) also reported similar results (Table 3) . Our results were within the range of those studies. Many surgeons adopted the transtibial technique due to the ease of the procedure, reduction in surgical time, rigid fixation and high successful rate 18) . However, a few studies reported on the difficulty of anatomical femoral tunnel placement at the ACL native footprint with use of the transtibial technique 3) . The limitations of the offset hook of a femoral guide coupled with the constraints of a tibial tunnel have resulted in a vertical and nonanatomical 19) .
Recent biomechanical studies have suggested that a femoral tunnel placed centrally within the native ACL and posteriorly on the lateral wall of intercondylar notch by the trans-AM portal technique can restore both anterior and rotational instability of the knee leading to superior clinical outcomes than traditionally oriented femoral tunnels 4) . Despite the anatomical positioning of the femoral tunnel in the trans-AM portal technique, difficulty of the technique, risk of peroneal nerve injury, risk of short femoral tunnel length and complications associated with hyperflexion of the knee during surgery have been reported 8) .
The three-point freehand transtibial technique we presented in this study incorporates the advantages of the previously described transtibial technique and the tibial tunnel-independent technique while avoiding the disadvantages and perils associated with each technique. The three-point freehand transtibial technique allows 1) anatomical femoral tunnel placement based on arthroscopic confirmation of the footprint of native ACL, 2) placement of a more oblique femoral tunnel with larger contact surface with the tendon than the previously described TT technique, 3) prevention of short femoral tunnel length, 4) femoral fixation with RigidFix system (DePuy Mitek Inc.) that is much easier and simpler to use and more rigid than other fixation systems such as EndoButton (Smith & Nephew Inc., Andover, MA, USA), 5) no need for extra time-consuming procedure, 6) more cosmetically pleasing results than the outside-in technique and 7) better visualization than the trans-AM portal technique.
The limitations of this study include the relatively small number of patients, no comparison with the traditional transtibial technique and some limitations inherent to the freehand technique. First, the widening of tibial aperture would happen during femoral tunnel drilling due to the oblique direction. The analysis of tibial tunnel placement and aperture widening was not involved in this study. So, further studies are necessary to address the concerns of tibial tunnel placement and aperture widening. Second, femoral tunnel position is still constrained greatly by the tibial tunnel. So, the position of tibial tunnel is important. Finally, there was a lack of full considerations for the length of the femoral tunnel and the characteristics of the tibial tunnel; however, there was no difficulty in creating a femoral tunnel of 30 mm in length in all cases and inserting a bioscrew of 25 mm in length through the tibial tunnel in all cases. We believe studies should be performed to overcome the limitations of our technique and the superiority of the modified transtibial technique over traditional techniques needs to be investigated in further research involving essential clinical evaluation.
Conclusions
In conclusion, the three-point freehand transtibial technique can be a simple and effective technique that allows for anatomical SB ACL reconstruction.
